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Aflcr only a few days i n  luna r  orbit, i l i ~  f i r s t  U. S. satell i tc:  of 

tilo moon has already produced da ta  which has provided new information 

about thc lunar gravi ta’ t ional  f i e l d  It appears t h a t  ‘ tho  spacecraf t  

w i l l  not impact on the moon before completion o f  i t s  photographic mission, 

bu t  -that i t  will probably do s o  i n  about 8 months. Preliminary indications 

are t h a t  the moon has a r e l a t i v e l y  large pear-shape component, and t h a t  its 

grav i t a t iona l  proper t ies  w i l l  be of considerable s c i e n t i f i c  i n t e r e s t .  



Guisiiig tdic first r o w  days uf"tc.r i li; i i i jGc t io r i  i n t o  lmar orbik, i:c 

analystd tho  tracking data  f r o m  Lunar O ~ l ~ I , l c r  I ,  t h o  f irst  U, S,, :;utsl.litc 

of ihc moou. 

designed f o r  t h i s  task. 

a f i r s t  cstima'te of tho overall gravi'Lational f i e l d  o f  the moon. 

mate uas used * to  prodict .ths va r i aL ion , s  in 'the o r b i t  o f  the spacecrd-i; t o  

enable us t o  make dccisions with respect t o  cont ro l  of the mission. A long 

tsm o'uleciive i s  t o  determine the precise  propert ies  of the lunar gravi- 

t a t i o n a l  f i e l d .  We can achieve this  objective only after considerably more 

data  have been accmmlated f r o m  Lunar Orbiter I and fu tu re  lunar s a t e l l i t e s .  

We used a s e r i e s  o f  sopliisticaLod computer program c3pccially 

Our immcdiate purpose i n  the aqalysis  tias t o  produce 

This e o t i f  

The prclimi,mry r e s u l t s  frorn our analysis of the ear ly  da t a  ind ica te  

tha t  there  is  *no danger of the spacecrai't impacting on 

cozple'iion of i t s  photographic , ~ s s i o i l ,  which involves 

f o r  taking photographs and another 3 ~ i e e k s  for reading 

- 

the moon before 

approxinately 8 days 

out the da t a  and . 

t rmscl i t t ing i t  back t o  e u t i ? .  The r e su l t s  f u r t h e r  ind ica te  that o r b i t a l  

var iz t ions during Kie photographic pei5od w i l l  not s i g n i f i c a n t l y  degrade 

the qua l i t y  of the pho%ographs, I n  par t icu lar ,  we e s t i m t e d  t h a t  the 

per icenter  a l t i t u d e  would decrease by about 8 t o  10 dining the f i r s t  

4 or 5 days of photography and then increase by somewhat less than t h i s  

amount during zhe remainder of the 3 days. 

be s d f i c i e n t l y  accurate t o  permit a n  orbital- t r ans fe r  rclaneuver fi-on 'che 

i n i t i a l  lmar orbit t o  a lover f i n a l  o rb i t  with per icenter  a l t i t u d e  very near 

t'ne 

ecsigned w i t h  much degree of confidence p r i o r  t o  t h i s  f i r s t  f l i g h t  because 

We considered these r e s u l t s  t o  

value Tor  close-xp photography, a maneuver which could not be 



- 02 tho l uck  of knowledgo of tho h i ~ l i o s  ordcr  compomnts of tha lunar gravi- 

tational f i e l d .  

In our ana lys i s  t o  provide an ovcr*all es-Limate of the lunar gTavi ta t iom1 

f i e l d  f o r  mission control ,  we solved f o r  :;orno 2 1  coef f ic ien ts  i n  the  cqwsioyt .  

of tile g r a v i t a t i o n a l  p o t e n t i a l  Sulic Lion i n  t e rns  of sphe r i ca l  harmonics 

t?irou&h degree and order 4 (1). 

solving f o r  addi ' t ional coefPicicnts  11~1:; number was thought .Lo reprcscnt  

L n*as o w b l c  smipliiig oi' Llic p a v i  La Lioiial. cunponcnts € o r  the intoailed pur- 

pose.  A number. of the coePficients  changed somewhat as the da t a  a rc  was 

increased, a s i t u a t i o n  t o  be expected due t o  t h e  sho r t  d a t a  a r c  which pro- 

dwed hlgh cor re la t ions  between the various coe f f i c i en t s  - Bowever, shor t  

term predictiaons of o r b i t a l  var ia t ions  using complete sets of coe f f i c i en t s  

gave cons is ten t  r e s u l t s .  The par ie  l y  clnd mglii*bxies of the coe f f i c i en t s  

Evcn Lhough the  program ia capable of  

obtained i n  these ea r ly  so lu t ions  ind ica te  t h a t  the  g rav i t a t iona l  f i e l d  o f  

t h e  moon has some i n t e r e s t i n g  proper t ies  W i t h  one possible  exception, we 

do c o t  consider these early so lu t ions  s u f f i c i e n t l y  prec ise  t o  allow discussions 

of p a r t i c u l a r  coef f ic ien ts  i n  any detail. 
., >. 

The preliminary ind ica t ions  a r e  that the  aoon has a r e l a t i v e l y  large 

coe f f i c i en t  f o r  the  t h i r d  zonal harmoiiic (C3,* = -J 3;o )  t 1 i - k  a v a ~ c -  . sf 

about 1 x 10-4* This i s  the g rav i t a t iona l  f i e l d  coxponent which can be 

vlsual ized as a very s l i g h t  tendency toward the shape of a pear  superinposed 

on :lie e s s e n t i a l i j  sphe r i ca l  f i g u r e  of the moon, a x i a l l y  symnetric w i t h  

r e s p c t  t o  the  p o l a r  axis, and with the stem of ..::e pear  a t  the north pole 

o f  the  moon. A s  a basis for comparison, the corresponding value for the 



tho me311 Ciensity, we f i n d  tha-l; the  pear shaped conponen'c would correopond 

t o  a bulge a t  the lunar north pole of about 004. \a, a depression a t  the 

south polo of tho s m e  amount, and an i n t e z m d i a t e  depression and bulge i n  

the northorn and southern hemisphere, mspec t ive ly ,  of ha l f  t h i s  mount  e 

Hor.iaver we do not  suggest t h a t  t h i s  pear shape ccmponent cons t i t u t e s  the 

overal l  f i gu re  of the moon, fbr a l l  other coef f ic ien ts  a l s o  contr ibute  t o  

tiin, f igu re .  'These coef f ic ien ts  lcust be included when they have been deter-  

minsd w i t h  s oae degree of confidence 

The major e f f e c t  of the  t h i r d  zonal hal;~o,n.ic on s a t e l l i t e  motion i s  

tha t  it causes a periodic  va r i a t ion  i n  t'nc eccen t r i c i ty  of the o rb i t ,  and 

consequently a per iodic  va r i a t ion  i n  per icenter  a 1  t i iude,  wiSh a period 

equal G O  t h a t  o f  per icenter  rmolu t ion .  With C 3 9 0  = 1 x lo-'!+? and with 

the present  per icenter  a l t i t u d e  of Lunar  Orbiter I, it is highly probable 

t h a t  t he  spacecraf t  w i l l  eventually impact on the  surface of the moon. Our 

preliminary e s t i n a t e  i s  t h a t  impact w i l l  occur i n  about 8 months, 

It i s  of i n t e r e s t  t o  compara our preliminary estimate of the vaJ.ue of 

with values discussed by other  authors p r i o r  t o  the f l i g h t  o f  Lunar 330 
c 

OrSiter 1- 

equal s t r e s s  i n  the moon and i n  the ca;.ih, I h u l a  (2) determined a see l ing  

On the bas i s  of  an arg-mcni per tqining t o  accomodation of 

f ac to r  t o  be appl ied t o  values of coz l f lc ien ts  of the g rav i t a t iona l  f i e l d  o f  

t k  ea r th  t o  a r r i v e  a t  estimates of t h o s e  for the moon. I n  this manner he 



€or  %he moon; *Lho 390 
cs Lkmlod kc),93 x l O - / k  as an uppcr vuliio for C 

mapitudo of h i s  coofPicicnt compares favorably with our mtlmato C L. 

Goudas has made surfaco harmonic s Ludies, based on several independent s e t s  

of coordinates oP points  on the lunar  sur€acc, €rain which he has derived 

es’Ci.mtcs of C390. 

by )Copal ( 3 )  

H i s  work and assumptions are conveniently swimai-ized . *  

From one s e t  o€ poin is  he determined a value o f  0.98 x 10-4 

f o r  c390, 

opposite s ign .  Ve can only say Lhat a value he obtained from one of the 

s e t s  hc inves t iga ted  compares very favorably wiYn our est imate .  

bu t  f r o m  another set lie found about the same magietude but the 

The t racking  da ta  used i n  t h i s  analysis  was two-way doppler data, 

providing a measure of the r e l a t i v e  veloci-iy- be tween the spacecraf t  and 

the s t a t i o n s  d f  the  NASA Deep Sprzcc i:ciwork Ln Aust ra l ia ,  Jpain, and 

Cal i fornia .  The main coaputer .pro,:ra:n Is base6 on the procedures of 

d i f f e r e n t i a l  correct ions and weightcd least  squares, with a twel f th  order 

n m e r i c a l  i n t e g r a t i o n  of Cowell type equations of  motion. A l l  calcii lations 

a re  perfonned i n  double precisioii .  

Tracking da ta  w i l l  be obtained f r o m  Lunar Orbiter  I as long as the 

spacecraf t  is  i n  o p r a t i o n .  

da ta  f o r  g r a v i t a t i o n a l  f i e l d  determirn.Lon i s  a f t e r  -the end of the photo- 

The preferred period f o r  obtaining t racking 

graphic phase of the mission, at which time spacecraf t  maneuvers w i l l  be 

cur ta i led  i n  order t o  m i n i m i z e  extrarieous f a c t o r s .  
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